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DETAILED ACTION 
Response to Arguments/Remarks 

1 . Applicant's arguments, see applicant's remarks, filed 1/27/2006, with respect to 
the rejection(s) of claim(s) 1-20 under 35 U.S.C. 103(a) have been fully considered, and 
with respect to the argument regarding the cited references failing to explicitly teach 
"etching the exposed substrate to fomn a recess region in the substrate" are convincing. 
Therefore, the rejection has been withdrawn. However, upon further consideration, a 
new ground(s) of rejection is made in view of Shimizu (US 2003/0143815). 

DETAILED ACTION 
Claim Rejections - 35 USC § 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 1 02 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

3. Claims 1 , 2 and 1 1 are rejected under 35 U.S.C. 102(a) as being anticipated by 
Shimizu (US 2003/0143815). 

The reference of Shimizu discloses a method for fabricating a semiconductor device 
capable of preventing generation of a leakage current, two oxidation steps are used. 
The method uses rounding the top corner of a trench, comprising the 
steps of: 
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forming a masking layer including layers (103) and (104) (figure 3) overlying a 
substrate, patterning the masking layer to form at least one opening therein to expose 
the substrate (figure 3), 

and etching the exposed substrate to form a recess region (101h) in the substrate 
(figure 3); 

oxidizing the recess region to form a first oxide layer (105 s and 105b) (figure 4) thereon 
to round the top corner (105s) of the recess region (lOlh); 

successively etching the first oxide layer (105b) (figure 5) and the substrate under the 
opening (107) (figure 5) to form the trench (107) in the substrate , and 
conformably forming a second oxide layer (115) (figure 7) on the surface of the trench 
(107) (see also page 3, paragraphs 0038-0044). 

As to claim 2, the masking layer comprises a pad oxide layer (102)(page 2, 
paragraph 0033) and silicon nitride layer (103) thereon (figure 3) (page 3, paragraph 
0037). 

As to claim 1 1 , Shimizu suggest a themnal oxidation for layer (1 15)(page 3, 
paragraph 0041). 

Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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5. Claims 3, 4. 13 and 14 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Shimizu (US 2003/0143815) as applied to claims 1, 2 and 1 1 above, 
and further in view of /Mcatsu et al. (US 20050026382). 

A difference is noted between applicant's claim 3 and the reference of Shimizu, 
the method of Shimizu, as described above, does not include a BSG layer as a hard 
mask on top of the said masking layer as claimed by the applicant (claim 3, page 10, 
line 3). 

The reference of Akatsu discloses a method for improved trench processing 
where BSG (240) is used as a hard mask to pattern the said masking layer (page 3, 
paragraph 37, and figure 2). Process steps associated with the deposition and etch of 
the BSG layer are also described. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to modify the process of reference Shimizu to include an 
additional BSG layer under the photoresist layer because the reference of Akatsu 
illustrates a hard mask is desirable because it prevents modification of the lithographic 
critical dimensions during the opening of the said masking layer as photoresist could be 
eroded or affected by the mask layer opening etch step. One of ordinary skill in the art 
would have been motivated to include an additional inorganic hard mask layer in order 
to obtain a better control of the critical dimensions as defined by the lithography in the 
photoresist mask. The BSG layer would improve mask etch selectivity. 
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As to claims 4, a difference is noted between applicant's claim 4 and the 
reference of Shimizu , Shimizu is silent about further removing a portion of the opening 
in the sidewall of the masking layer. 

The reference of Akatsu discloses a method where etching is performed to pull 
back the pad stack (230) (page 4, paragraph 41) which reads-on "removing portions of 
the opening in the sidewalls",the removal of the BSG layer (240) is also described (page 
5, paragraph 52). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to modify the process of reference Shimizu to include a 
mask pull back step because the reference of Akatsu teaches it is conventional to use 
mask pull back etch in order control the etch profile of the sidewalls. One of ordinary 
skill in the art would have been motivated to pull back the masking layer in order to 
obtain a tapered or rounded profile if desired. Applicant does not show unexpected 
results by using a conventionally used mask pull back step. 

As to claim 13 and 14 the limitations regarding successively fonning a pad oxide 
layer, a silicon nitride layer, successively etching the oxide layer to form at least one 
opening therein to expose the substrate and etching the exposed substrate to form a 
recess region in the substrate; oxidizing the recess region by thermal oxidation to form a 
first oxide layer thereon to round the top corner of the recess region; successively 
etching the first oxide layer and the substrate under the opening to form a trench in the 
substrate, conformably forming a second oxide layer on the surface of the trench, have 
been addressed above in relation to claim 1 . The reference of Shimizu further discloses 
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filling the trench (107) with an insulating layer (109)(page 2, paragraph 0032) which is 
used to fomn a shallow trench structure. 

A difference is noted between applicant's claim 13 and the reference of Shimizu, 
Shimizu, as previously discussed fails to disclose a boron silicate glass layer overlying a 
substrate and etching the boron silicate glass layer. 

As discussed above, the reference of Akatsu discloses a method for improved 
trench processing where BSG (240) is used as a hard mask to pattern the said 
masking layer (page 3, paragraph 37, and figure 2). Process steps associated with the 
deposition and etch of the BSG layer are also described. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to modify the process of reference Shimizu to include an 
additional BSG layer under the photoresist layer because the reference of Akatsu 
illustrates a hard mask is desirable because it prevents modification of the lithographic 
critical dimensions during the opening of the said masking layer as photoresist could be 
eroded or affected by the mask layer opening etch step. One of ordinary skill in the art 
would have been motivated to include an additional inorganic hard mask layer in order 
to obtain a better control of the critical dimensions as defined by the lithography in the 
photoresist mask. The BSG layer would improve mask etch selectivity. As to the 
sequence of the included process steps, one of ordinary skill in the art would have 
found it obvious to form the BSG layer after the nitride layer, and the etching of the BSG 
layer to be performed prior to etching the nitride layer because as suggested by Akatsu, 
the BSG layer is formed to pattern the nitride layer. 
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In regard to claim 14, As discussed above in reference to claim 4, Akatsu also 
discloses a method where etching is performed to pull back the pad stack (230) (page 
4, paragraph 41) which reads-on "removing portions of the opening in the sidewalls", the 
removal of the BSG layer (240) is also described (page 5. paragraph 52). As to the 
sequence of the opening step, it would have been obvious to one of ordinary skill in the 
art at the time the invention was made to modify the process of reference Shimizu to 
remove portions of the nitride mask sidewalls after the BSG layer has been removed 
and before forming layer (115) because the etch selectivity between the oxide and BSG 
is not large enough to allow BSG removal without oxide layer (115) simultaneous etch. 
One of ordinary skill in the art would have been motivated to perform the removal of the 
BSG layer separately from etching layer (115) in order to obtain a fine control of the 
second oxide etch step which is much more critical to the device operation than the 
removal of a mask layer. 

6. Claims 5 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Shimizu (US 2003/0143815) in view of Akatsu et al. (US 20050026382) as applied to 
claims 3, 4, 1 3 and 14 above, and further in view of Fuller et al. (US 6174787). 

The method of reference Shimizu modified by Akatsu, as described above is 
silent about the specific method for the mask layer pullback as described by applicant's 
claim 5. 
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Fuller discloses a silicon corner rounding method for sliallow trench isolation 
where the masking layer (oxide and nitride) (104) is recessed or pulled-back using a 
HF/EG solution (column 4, lines 15-47). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of the invention was made to modify the process of Shimizu and Akatsu to include 
the teachings of Fuller in order to obtain an isotropic etch for pulling back the mask 
layer. One of ordinary skill in the art would have been motivated to use HF or EG or a 
mixture in order to pull back the masking layer because, as indicated by Fuller, this 
method in conventionally used in semiconductor processing for rounding etch corners. 

7. Claims 6 and 16 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Shimizu (US 2003/0143815) in view of Akatsu et al. (US 20050026382) as applied to 
claims 3, 4, 13 and 14 above, and further in view of Kim (KR 2003039385). 

The modified method Shimizu, as described above is silent about the specific 
depth of the recess region as described by applicant's claims 6 and 16. 

Kim describes a method for forming trench of semiconductor device to prevent 
damage of trench by forming rounded trench corner using a two step etch process 
where the substrate (10) is etched to the depth of 200-300 Angstroms by the first etch 
process (see abstract). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of the invention was made to further modify the process of Shimizu to include the 
teachings of Kim to remove 200 to 300 Angstroms from the substrate because removal 
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of the top substrate surface allows reduction of potential damage from top substrate 
surface (micro-scratches) and allows formation of rounded corner during first oxidation. 
The difference in ranges between applicant's claims 6 and 16 and the reference of Kim 
is within the etch depth control range. One of ordinary skill in the art would have been 
motivated to remove a thin layer (100-300 angstroms) of the substrate surface in order 
to improve damage performance of the resulting device. 

Claims 7, 8, 9. 10, 17, 18 and 20 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Shimizu (US 2003/0143815) in view of Akatsu et al. (US 
20050026382) as applied to claims 3, 4, 13 and 14 above, and further in view of Ajmera 
etal. (US 20020072196). 

The method of reference Shimizu as described above discloses an 
oxidation layer (105) obtained by thermal oxidation. 

A difference is noted between the applicant's claims and the reference of 
Shimizu which fails to specifically disclose a rapid themnal oxidation method for forming 
the said first oxide layer (105). 

Ajmera discloses a shallow trench isolation method where the trench 
sidewalls ((16), figure 5) are oxidized using a rapid thermal oxidation (RTO) method 
performed at 1 150°C for 30-200 seconds yielding an oxide thickness of 20-300 
Angstroms (page 4, paragraph 32). 

Therefore, It would have been obvious to one of ordinary skill in the art at 
the time of the invention was made to modify the process of reference of Shimizu to 
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substitute an RTO step for a conventional oxidation furnace step, as rapid thermal 
processing (RTP) is becoming increasingly more available in semiconductor 
manufacturing facilities. One of ordinary skill in the art would have been motivated to 
use an RTO step to use equipment already available, thereby lowering the process time 
and cost of the manufactured chips. The RTP parameters would be adjusted within the 
parameter space suggested by Ajmera which include a temperature of 1150°C an 
oxidation time of 30-200 seconds yielding an oxide thickness of 20-300 Angstroms. 

8. Claims 12 and 20 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Shimizu (US 2003/0143815) as applied to claims 3, 4, 13 and 14 above, and 
further in view of Yoo et al. (US 6033969). 

A difference is noted between the applicant's claim 12 and the reference of 
Shimizu, Shimizu discloses the (second) oxide layer (115) with a thickness of 300 
angstroms. 

Yoo discloses a method for forming a shallow trench isolation that has rounded 
and protected corners by first fomiing a bird's beak field oxide layer(50) prior to 
the trench-forming step such that a rounded and protected top corner (52) and a 
rounded bottom corner of the trench(62) can be formed. The top corner of the trench 
opening is protected by the beak portion of the bird's beak against etching in 
a subsequent oxide dip process before gate formation. As in the applicants claim 1 , 
Yoo opens the pad oxide and nitride mask to expose the silicon substrate (column 2, 
line 53), the forming an oxide layer, the etching the oxide (column 2, line 59), and then 
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etching the silicon substrate (column 2, line 61). The oxide thickness disclosed by Yoo 
is about 100-200 Angstroms (Column 4, line 21) which includes the range claimed by 
the applicant. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of the invention was made to modify the process of reference of Shimizu to 
include a thinner oxide layer (115) of about 100 angstroms (or more) because the 
reference of Yoo teaches oxidation film as thin as 100 angstroms, or more such as 1 10 
to 140 angstroms, can be used for rounding corners. One of ordinary skill in the art 
would have been motivated to use about 1 10 to 140 angstroms oxidation for layer 
(115) in order to shorten the oxidation process time and cost while rounding the bottom 
corner of the trench. 

Conclusion 

9. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
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extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Mahmoud Dahimene whose telephone number is (571) 
272-2410. The examiner can nomially be reached on week days from 8:00 AM. to 5:00 
PM.. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nadine Norton can be reached on (571) 272-1465. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Infomriation Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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